A study of the factors influencing the stability of typhus rickettsiae in vitro, initiated several years ago , has been extended with the aim of ultimately achieving growth in vitro of these organisms. During these experiments it was noted that survival was increased consistently by addition of diphosphopyridine nucleotide (DPN) to the basal medium. In addition, diphosphopyridine nucleotide increased the rate of oxygen uptake by the rickettsiae with glutamate as substrate. Since both of these effects were relatively small and the diphosphopyridine nucleotide preparations were not pure, it was thought that an impurity might be responsible for the result. Therefore, a sample of diphosphopyridine nucleotide that had been autoclaved to destroy the diphosphopyridine nucleotide itself was tested. Not only was the stimulatory effect removed by this procedure, but the autoclaved diphosphopyridine nucleotide proved to be strongly inhibitory to the survival of the rickettsiae and partially so to their rate of oxygen uptake. This inhibition could be prevented completely by simultaneous addition of untreated diphosphopyridine nucleotide. It is believed that these results indicate that diphosphopyridine nucleotide, or possibly some impurity of equal heat lability, is of considerable importance to the metabolism of the rickettsiae.
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EXPERIMENTAL METHODS
Rickettsiae. The Madrid E strain of typhus rickettsiae, grown in the yolk sacs of embryonated eggs, washed, and concentrated as previously described experiments they were purified further by treatment with albumin. Methods of assay. Mou-se toxicity. Groups of four mice were injected intravenously with 0.25 ml of serial threefold dilutions of the suspensions of rickettsiae (Bengston et al., 1945) . Deaths were counted after 24 hours, and the dilution required to kill 50 per cent of the mice was estimated by the method of Reed and Muench (1938) .
Infectivity for eggs. Relative numbers of surviving rickettsiae were estimated as described in a previous publication by inoculation of groups of 12 seven day fertile eggs by the yolk sac route with 0.2 ml of suspensions of rickettsiae. The eggs were candled daily for 11 days after inoculation, and the average time of death of eggs dying after the third day was calculated. An increase of one day in the average day of death corresponds approximately to a tenfold decrease in the number of viable rickettsiae with this strain.
Hemolytic activity. This was measured by the method of Clarke and Fox (1948) Survival experiments. When hemolytic activity or toxicity for mice was used as the method of assay, the rickettsiae were added to the medium to be tested in a concentration equivalent to 10 per cent original yolk sac. When infectivity for eggs was used as the method of assay, the concentration of rickettsiae was equivalent to t The LD50 is expressed as the denominator of the dilution required to kill 50 per cent of the mice. The salt containing basal medium was used in the first hemolysin experiment and in the egg infectivity experiment; the sucrose basal medium, in the others. 0.1 per cent original infected yolk sac. In all cases the mixtures were assayed before incubation and again after incubation at 34 C for 16 hours. Preliminary experiments in which the rickettsiae were assayed before incubation with and without addition of diphosphopyridine nucleotide or autoclaved diphosphopyridine nucleotide showed that the values found initially were independent of the added substances within the limits of error of the methods used (table 1) . Therefore, in most of the survival experiments only one or two mixtures were assayed before incubation.
RESULTS
native diphosphopyridine nucleotide, except in The influence of diphosphopyridine nucleotide, those few instances where survival in the controls autoclaved diphosphopyridine nucleotide, and was either so good as to make any improvement mixtures of both on the survival of rickettsiae insignificant, or so poor as to make any decrease as measured by their hemolytic activity, toxicity undetectable. While the relative influence of 11 (10/11)* 6.6 7.6 10 (7/11) * The figures in parentheses give the number of eggs alive on the eleventh day after inoculation divided by the total number of eggs alive on the third day after inoculation. In all of these experiments the salt medium was used. tinamide. The nature of the toxic substance produced is still under investigation.
The apparent importance of diphosphopyridine nucleotide to the metabolism of the rickettsiae naturally suggests the possibility that other coenzymes also may be required by these organisms. Thus far, of those available in relatively pure form, adenosine triphosphate, adenylic acid, cocarboxylase, pyridoxamine phosphate, and coenzyme A (Pabst) appear to be without marked effect; flavin adenine dinucleotide and riboflavin phosphate appear to be slightly toxic; triphospho-pyridine nucleotide (10 per cent, Sigma Chemical Co.) behaves in the same way as diphosphopyridine nucleotide, but further investigation with a more highly purified preparation will be required to demonstrate whether the two are really interchangeable. Crude coenzyme preparations, such as Armour's coenzyme concentrate, or hot water extracts of yeast or liver are usually markedly toxic. The results with autoclaved diphosphopyridine nucleotide suggest that this toxicity might be due in part to certain coenzyme decomposition products in the crude preparations and extracts.
SUMMARY
The survival of rickettsiae as measured by their toxicity for mice, hemolytic activity, or infectivity for eggs is increased in the presence of added diphosphopyridine nucleotide and markedly decreased by autoclaved diphosphopyridine nucleotide. The toxic effect of autoclaved diphosphopyridine nucleotide can be prevented by the simultaneous addition of unaltered diphosphopyridine nucleotide.
Diphosphopyridine nucleotide increases the rate of oxygen uptake of rickettsiae with glutamate as substrate. Autoclaved diphosphopyridine nucleotide at a concentration of 0.27 mg per ml inhibits the rate of oxygen uptake 40 to 50 per cent. This inhibition can be prevented by addition of unaltered diphosphopyridine nucleotide.
